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(57) Abstract: A method for continuous production of a poly amide which comprises (a) a material preparation step of melting 
a diamine and a dicarboxylic acid separately, or forming a salt of the diamine with the dicarboxylic acid in water, (b) a material 

fs| introduction step of introducing materials prepared above to a tubular reactor continuously, (c) an amidation step of passing the 
materials through the tubular reactor for carrying out an amidation, to form a reaction mixture containing an amidation product and 

^■r condensation water, (d) an initial 
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polymerization step of introducing the reaction mixture to a continuous reactor allowing the separation and removal of water, and 
separating and removing water at a temperature not lower than the melting point of a polyamide to be finally produced, to thereby en- 
hance a polymerization degree and produce a polyamide pre-polymer, and (e) a final polymerization step of introducing the polyamide 
pre -polymer to a continuous reactor allowing the separation and removal of water, and further enhancing the polymerization degree 
thereof at a temperature not lower than the melting point of a polyamide to be finally produced, to thereby produce a polyamide 
having a desired relative viscosity [RV]. The method can be used for continuously producing a good quality polyamide, in particular, 
aromatic polyamide which is stable in its polymerization degree. 
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1 0 0 h P aT?&§, Ttf&&i7J*-*jmif* • 0 0 5 L/kg*iTSSA\ 
XttJCffiflKM 1 5 0 hPa^S^ l^ilS^Kas. &IC N ^TCStiW 
^/t-y*** 9 . 5L/kg *fi*.**N 2 0 0 h P a*>&£:£:3 

[7tg 

1 . tt/vBr&ft (r) &tfi±/v«rJ6;b (t) (iTIBiClcd:.or*«)fco 

r (1/sec)=8 U/D 
CCTN UttStift (cm/sec) > Dtt«©Wg (cm) TZ5S 0 

r (P a) • r 

CCT\ M«i8HI«iK (Pa • s e c) TrfcUx 75 H^bX»©APtR*Lfc 
T > X 3 ft04Hft3ttfijftgt 1= <fc o T s X > z> T?SHfl L fco 

2. ffi^Jt [RV] 
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7f? y 7 5 Kttift 0 . 2 5 g £ 9 6 %WM 2 5ml (cj§g?Ls 20t (C^oTcH 
3. fell CC o-b] 

^1^-^-^ -=E?)U 1 0 0 1 D PlCT)|J^Lfco 

i t y-5 0 ONMR^SSffll^Ja^fefc. 

15 cF 2 rnrns 1 0 c mWt5<D7?sV 7 5 1 0 O^CT? 2 4 P$MJt££Jft 

KUthLlE*iSa (W, ) *»H£U 8 0t©ljfg7K*lc2 4l#fl9»9tLfc&s 

qftTK^ (96)-C((W, )-(W, ))/(W. )]xi00 

6. 23^75 /SJSJt [AEG] 

7ttU75 KttlRRftO. 6 g&7xS-)\,/j:2 (#»it4/1 ) 5 0 

m I IC58IBU Jfcl^ C*lUl7j</x$'y-;U (^ib3/2) 2 0ml £jbn* 
s Wm>**)\>*Wsi>*—WBtt 0 y -JUteJttfcjcSgSft (1/1 ON© 
HCI0D1 OOmltx^y — JU 5 0ml Ic^gg^inx-T 5 0 0 m I CtlSiU 

fc=b<z» -c«jtu ot^ic j: d «7 s y wms. caeg] ^nasLfc. 
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AEG (raeq/kg) ={[(A-B) xNxf ] / (wX 1 0 0 0) } x 1 0 f 

A : WilZm. (m I ) 

B : &m<D-?5>?mfHt (m I ) 

N : x* y -;M4H C I <dW& (mo I / I ) 

f : x^y-JbttH C I <D~?y9$ — 

w : Ifttttt ( g ) 

7 . 3fc^;U7tf*->Jl/g5SJg C C E G] 
7t?'J7S KffiBigt*40. 2 g(C^>v?;U7JU=l-;H Om I £fln*.s 2 0 5 ± 

? * u-r >*«?pa&£ its x* / -jH47KlMt,2> 'J o ( o . 5 n - k o 

H 8 0 m I (CX^y-Jb^iO^. 1 0 0 0 ml imt^Lfc*)©) TffigU OT© 
5Kl=«fc»J*«*^**2/JUS»lS [CEG] ^«iiiLfco 
C E G (meq/kg) = {[(A-B) xNxf ] / (wxl 0 0 0 ) } xl O 6 
A : MEM (ml) 

B : ^mozr^yomm (ml) 

N : i5» y -;H47.K!Kb2) 'J 2 A©i8Jt (mo I / I ) 

f : -x^y-JUlfcRKflsa'JSA©?*^- 

W.I*f4SS<g) 

SMttfttts ^m^ibPlCl5mLfcV>^=l?±©JltbiC^W-(50) (TO 
V 2 0 7 9 ) CJ:oT. >-Ctttl!lL/c, 4M»ff©Stt*l»tt«i*W»3.. 

m-s&m&xyy (itr^yii oho bl hym-i -o i 0-5 1 ) <om 
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mmm i ] 

[RV] 1 . 6 1 ) £ N KJS>S^2 5 5tx *MJE (X^JSfP&L) s ^'Ja 
-lUl£i&5 0 r pm©^lCi5^:*tlfc5JiSIISCR^<!:^LSW-& : £ffo 

fc, mw&mM<Dife7fM\z&vmmii* <*K9 9.99 9%j^_h) ©a-^s 
&&m&>\zmmz-&tzo scr ic jsi^s toj»«i*h 1 0 ftm-c, c r v ] 

i$^#2. 3 7s aUPffiM [<r] 30«0. .0 2©^y75F»B8*»fc. CRV] 
©^{fiStfU^i!^ [a] B\ 1 0$m±©F^PI£&l*T}£ltLfc2 O^Olt 

[HfifeGfl 2 ] 

SJEfsSCRlCfcltS^Jt^SStfiiS 6 5 h Palc!S:^Lfc&*Hi> ^«E0>J 

[<r] #0. 0 
[M 3 ] 

<DZn,XVV- ( [RV] 1 . 6 5) £s >£Jt2 5 5t> H^Jt 8 6 0 h Pa ( 
g^ffi) . 0fcJg9 9 . 9 9 9%&±) C/t-yiO. 3 8 L/k g ( 

. X?U:i-|Hl!£ifc5 0 r p mlCfi^Ftl/cKlfcftS C R^^US^ 
M-^^ffofc. FClJS*7*JHI (HO PA) <D ! M\l&s ^U'1tU7- 

£ S C R IC^-^s m 1 . 5 #©B#j5T?H]&fe Ufco HOP A'»fi(*x 5§Ifc5tt& 
ti-<D^ffllcJ:Ugiib6*)CW*-l±/::o 1 0 »M©TO5»eB#M"Cx [RV]© 
2 . 4 U SMS C a ] A* 0 . 0 2 'J 7 5 
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[JfctHH 1 ] 

zsmmut^frVLmt, mmmi ^mmizn^ito mztifcxvT's. f© [r 

V] (4TOtt* t 2 . 3 7T?Sofc*\ iWOS [<r] #0. 3 2£*^< N 
=J >9 5 5/ 3 

[ItlWW 2 ] 

EfS»SCRI=fctt3JI£K**«ffi (1 0 1 3hPa) tU 
5>*tTJbttfrofcBlflH\ 3aWW3£H»U:fT9fc. ft 6*1*:* 'J 75 F© [R 
V] B?lMltf2. 0 0T?fcofc# N m> [a] #0. 1 4^f+^ 
*fc*«»»lS©/t5S/****<s 3t»ftffl*TJBft*cfc. 

[JtRflfl 3 ] 

JSttttflBH-Sfflt^Cv sjssgscRcasH-sasfe^x/t-ya*— S« (3 

. 3 8 L/k g) H*fe0>J1 £PW»U:*T ofc. lt&*lfc#U75 F 

© [RV] (i¥i3<B#2.. 1 Q-C&VttfiK m&MRM [ff] #0. 3 2t/t3^ 

[JtlKfll 4 ] 

fflUfcl^tts Xfifctill tPttMcffofco ft6tlfc*U75 F© CRV] BTO 
fi**2. 0 OTfcofcffx Hmti^ [<r] #0. 3 5^5'>*m*ofc. 

HieMU-C* »ll«(11)C2 5kg0«7vt:>i (ADA) * sn 
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mtt3)fc*?**s'J l/>«>'75> (MXD) 1 8 k g£^tt^tt«Lfc 0 1^0% 

t.s j§M^(ii)R^i!^(i3)^ti^nicot\-Us 4 o h p aon&m&sftm 

^Lfc^ mmti^-C^mi: Ufco l^ft* 3 ®*£«J)SLfc&s 0 . 2 M P a 
<D^.mi£-€, ADAl*1 8 OtC MXDIJ6 OtlCjMU ^ft-etUglBBW* 
£Lfco ADA^IfS?^(12)(c. MX D^ff?M<f (14)lc^Lfe. 

A D An MXD©^ifeH*4«. ^^>y^-^y^(15)(16) (iMrtlfcs X 
±T^yT.mm, Mit HYSA-JS-10)lCTs I^JU<!=&§fiJ£-?7S Kfciawtt 
KfogiW: (L/D= 7 8 0) KD'vttfcLfc. C©BU A D AtM X D©«fi>1t 

(17)08). (iMrtlfcs ^-/X'JUtfcMzj'J^'JiC)!*^ MxtCN003D-SS-200R) © 
^fittf^ft-^tU . 7 5kg/hrx 4. 4 2 k g/h r <£&3 <feolZ s ftijftp 
ZL-y h(19)(C«fcoT^^>i/>-.1<>^(15)(16)(Oai^ : £Si!jfl*J(C»Lfc. 

7 5 H<bXmr<0¥i^JwgB#^(* 3 5»T?iBofc. 7 5 MtXHlCfctt-SKlS 
AP(22)T?©I*I?£1 8 0t^ dJP(23)r<Z>F"3S2 5 5 x I*JEE 0 . 7M 
PaTSofc. 75 H<bX^AP(22)T?©-l±^iiSrtt3. 1 (1/sec) 
x ti^l$r*S;ftT«9. 3X1 0"Pa?35ofc, 75 MbXIMAP (22) -?©*§** 
ttffi [RV] <h (23) "CO [RV] tflDiARVIiO. 2 2"C<feofc 0 

75 K{bX*I£^fc£/£;Il&«. flS2 5 5^. flffiO. 7MPa N 3 0 r 

*IS&EJ6«B* N RI6/&S2 5 5ts *S"J3.-lertE!&5 0 r p nu *MHE (X 
SBifMtL) ©^#lcifc££;ftfcSCR(41)^£{iy&L, Sfltti&IKSO)©}^ 
«l=«feUM^7. (ttK9 9.9 9 9KBLk) ©/t-5;**Sft(fil=fiJ»*-ttfc 
. SCRl=fel*«TO»HB#M1 0#lfllT\ [RV] ©TOtt# 2 . 0 6,S« 
«S[<r]#0. 0 Z©tKU7S K»BB*»fc. 
Xfifcffll 1 - 4 Jt$S0>J 1 ~ 4 (Dfam&m 1 (c^f „ 
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mmm 5 ] 

5§I4Hf (1DIC2 5 k gO>nmk7V^ym (ADA) s »18M(13)K:***5/ 
'JU>>>75> (MXD) 1 8 k g£^tl^*lgySUfc. 5§IS«(11)S 
0*j§l6e(13)^*l^tl(=OU-Cs 4 0 h Pa©K£j££5$3f^J$Ufc&s n 
^-cSlEtLfc. Pi£fP£3Eifc§y;!Lfc&s 0. 2MPaOliffT?s AD 
Att1 8 O'CIZ. MXDB6 OttCjbP^U Lfc. 
s ADA«K»jK«(12)l= % MXD*Bfa»(14)C=»i2lbfc. 

AD As MXD0&8IUK*4«h ^5>5?1»-^>^(15) (16)CT\ H^EJUi: 
tZ2>m'&-€j> 5. K<fcXMttEJ6» (L/D-7 8 0) (21)^^Lfc. 75 

MfcXHT:<Z>¥J§>§ 8 3 5#££:3cfc5(c: N &*8ft£ML/c 0 75Nt 
XSUcfcttSJKJS^tts AP(22)-?<Z>|*|S1 8 01C N tlJP (23)-Ctf>|*)}S 2 5 5 
1C > F*31E 0 . 7MPat$?fc, 75 MtXgAP (22) "C©1±/uWfi£fi r 1* 3 . 

1 (1/sec)st^^TlJ9. 3X1 O-'Pa-Cfe^fc. 75^bl§ 
AP(22) ■^(DmM'^m CRV] <taiP(23)T?0 [RV] £<PiiARVUfcO. 2 2 

75 KftXig£ii£fc£JS)S£«. F*|}£2 5 5tx I*IJE0 . 7 M P a s 3 0 r 

^TT?5 0»l«JS»Bi3rB\ Hi*C«^**a*Lfc. 3l*«*s fcJ&fi^Xfl 
£ifeI*:RJ»£x SJ55SS2 5 St, K^ltl 0 1 3 h Pa> II^7/t-yi 
1 . 1 3L/kg % X? V n.-mm5 0 r p m©*fl=(=KSE*n& S C R (41) 
^fcttl&U 1 0 i»H©s|i^*«l*M"Px [RV3#2. 06s [Co-b]tf 

o . 2 0^t'j75 p®m*n fco 

[H4fe0iJ6. 7] 

S^M(21)^©H$4o^»^OTLfeWtts Hite«5tH«licfi 1 ofc. m 
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mmm 8 : mmm 

im^^cilCs 1 0. 2 6 7 kgOrU^^il/i (TP A) s 11. 10 4 
kg<Z>6 4. 7ii% / \+it/?U>5/75> (HMD A) 7jC/f»/&s 14. 0 5 
2 kg©*7P5^5A (CLM) s Rtf 9. 5 7 7 k g fl^kSin^s HSfe0!l 5 
£P»i::K£fi&8FU MSttf XT??£EE&s 0 • 2 2 M P a©liET? 3 HIM^il 
JHL7b 0 ^<£>&s 0. 2 2MPaOliETv 1 3 5tT?II$TC7Sy*M' 

7 5 y *> -lUtf >Wfi*585** ^ > y * >^T?75 K<tlMttE(6S» 
(L/D- 7 8 0 ) M&SSL-fco VRKftfflttts OT#1 3 5*0 (AP) #6 
2 5 51C (HIP) x l*HE#0. 2 2MPafre>2MPa££3<i:5iS:5t<**U ¥ 
^f§B#Ps1(*M 2 0 7 5 MfcIIIAP7?(&t^WT;iJgrl*5. 3 5 

(l/sec) x ttA/WfJ©* r tt 1 0.7x1 O^PaTJS^c. 75 Kftli 
ADT?fl5»S [RV] tthPr© [RV] t(DlARVB0. 2 

Q 

75 Kfl:Xe*ttaLfcK(Ss»*^ 2MPa s 2 8 5"ClcWaE**lfc«JJBK^ 
Xg<D«afflM*«C»33IUx 3 0 r pm©»jrF3 0»Hl0DR(SC«feor^flcU 

»6*lfc«0J««^l**s Oft 2 8 5t N X^JK8 6 0 h Pas *£HJ a -EME 
IS 7 0 r p ml=mSE*'*lfcS C RMfefcLfcttt^MTofc. *D»1S£#>* S C 
RCim Ml. 5»©fc&T'S*1*fc: h*P&7js,75>;Hl (HOPA) *ttfti 
HOPA^iDili, tK'JT- 1 k g^tcV 4 5me q/k g £U2>£o\Z 
s ^3>5;^-7K>^<DH«»«IKELfc. SCRflfcftttSTOftfiraWtttt 
9»T? N [R V] #2 . 14s [Co — b] #2. 1 U 75 K*»fc. 



WO 2004/024795 PCT/JP2003/010890 

4 3 



lis mtfeMS£m®[zftvtz 0 



WO 2004/024795 PCT/JP2003/010890 



44 



^2 





^WJ5 


mmme 


mmm7 


mmma 


mMM9 




MA 


MA 


MA 


HOT 


HOT 


HUSHED 




40hPaX3 
+0.2MPa 


40hPaX3 
+0.2MPa 


40hPaX3 
+0.2MPa 


40hPaX3 
+0.22MPa 


40hPa x 3 
+0.22MPa 


mmimlS. (ppm) 


4 


4 


4 


4 


4 




L/D | 


780 


1320 


1320 


780 


1320 




35 


57 


38 


20 


35 


r (1/sec) 


3.10 


3.10 


4.65 


5.35 


5.35 


r (xlO^Pa) 


9.3 


9.3 


14.0 


10.7 


10.7 


ARV 


0.22 


0.24 


0.24 


0.25 


0.25 




N 2 /\'-y* (L/kg) 


1.13 


1.13 


1.13 


0 


0 


Jtffift (hPa) 


1013 


1013 


1013 


860 


860 


HOPASftA (meq/kg) 


0 


0 


0 


45 


45 



MA ADA//MXD= 100//100 (mol%) 
HOT: TP A/ CLM//HMDA= 35/65//100 (mol%) 





mmms 




^MM7 






[RV] 
(-) 


2.06 


2.02 


1.90 


2.14 


2.15 


[Co-b] 
(-) 


0.2 


1.0 


0.4 


2.1 


2.1 


(90 


5.4 


5.4 


5.2 


6.3 


6.3 
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mmm 1 o ] 

J§M«(11)IC2 5koO«*«7i;e>B (ADA) . ig«*(13)u:***2/ 
U U>^75> (MX D) 1 8 kg^^ftWSLfc, JglMODR 

^Ma(i3)^ti^tiicouT. 4 o h p aom^mz sftmfcftLtcik, mm 

^f^T?^li^Lfc„ PiS^ 3Hl*a»J$gLfc&s 0. 2 MPacDMStJET?. AD 
A(i1 8 O^lc. MXD(i6 0 ^ (cinf&l/. *ft«l*lK«te Lfc» 5ISMSS* 
% ADA*»HR»(12)U:s MXD*aS««(14>lc8ESl,fc. 

ada. mxdcd^uh^. 7"^>v^-/-tf:/:7(i5)(i6) (iMrnfc. s 

±xi7/im MiC HYSA-JS-IOKT. 7 5 MblfltTOJE^M (L/D = 
7 8 0 ) (21)'\j£*ttl&Ufc. ADA<tMXDOK*)5i£*ICOl\TK. :?^>S> 
^-7K>^(15)(16)©iS^lc^#lt6nfcM^SIi-(17)(18) (U-Tftfc. * 
-/tJI/ttSlu U * 'JSKl&MK MitCN003D-SS-200R) ©»?Stt#*tl-?*l 4 . 7 
5kg/hr. 4. 4 2 k g/h r ££:-5«J;5U:. UU=i- v V (19) (Ccfc oT^ 
^>y^-/-fv>^(15)(16)(Dai^I : £aijbW(CfiJSilLfco 75 MblfllCfcltSK 
AP(22)T?<Z5|*lS1 8 Ot. fcbP(23)-C<D|*)}S2 5 5lC. I*|JEO. 7 

75 h'-fkX^^SfSJI^^x F*]S2 5 5lC. [*)JEO . 7 M P a. 30r 

&mtcKm®>&. EJSffl&2 5 5°C. K^Jtl 0 1 3 h Pa. 7.A'->?g 
1. 1 3 L/k g. ^'Ja-0SiS5 0 r p m©#lft(CiS:^£*lfcS C R (41) 

fco 7KU75 K£3 Qftm<Dfflm*&l\-C5®mm.ls, 83X**lfc*>J75 Rc 
ouis [RV]. [AEG]. [CEG] £^*l^*l>l']3£Lfc<, SMIC. [R 

v] . [aeg]. [ceg] ^n^tKDW-mm, wmmm* ssh (snu^ts 
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mmm 1 1 ] 

ADA£MXD0M*3it«S^«ft^*l4. 6 3kg/hr. 4. 2 7k 

g/hr tmmLtc&Lmz^ mmm 1 o tmmzn^tc 
immm 1 2 ] 

;»1(11)U:2 5 k gOW^T'J^yWL (ADA) s )£M*f (13) lZj&{*£>/\ 
W?U>^75> (HMD) 1 8 k g<£^n^*tl^Lfco ^UT. }£Ul*f 
(ID&tfjSIMi (13)^*i^ftU:oU-Cx 4 0 h P a<7>K£Jg£ 5^^Lfe^ 
s Mm^X-cSHi Ufco HWP* 31S1IIIJ JlLfc^s 0 . 2 M P atf^tJET- 
N ADAB1 8 O^CIC HMDI*6 OtlcAnf&U ^tlftl^WS&Wii Lfc» 51 
ADA£JJ?ig«<12)lc N HMD£I?jgaf(14)lc&&L*:o 

A D An HMD©#J§I!lill$4^ ?5 >>> *-*>:7(15) (16) (ISifeffil 1 "Cffl 
l^cd^PUfc©) CTs 75 HMfcXig^SfS^S (L/D= 7 8 0 ) (21)^s 
j£»#M&Ufc<, ADAtHMD (OMfi/5iEfi(*N :?9>2> *-rt>7 (15) (16)(Z)iE 

^c^w&*ifcMa3itSit(i7)(i8) (njfe^ji o-cmi\tc<Diimc*><D) o 

Jg^fittf^ft^tU. 2 5kg/hrs 3. 3 8 k g / h r £&3«fc5 IC S MM 
ZL-y h(19)lC«feo-C^^>^1'-/1<>^(15)(16)<DlJj^«ilibfi*J!cSlJ^JLfc. 
75 WtTMlZ&ttZKmgkmt, AP(22)-Ctf)f*)>S1 8 0°C. iUP(23)T-©|*l 
S2 7 Otv F*3IE1 . 0 MP a. WMttNl 3 0#T?&ofc. 

7 5 h^fcX@^fcK^)I^#)«v l*I>S 2 7 0 t s F*3JE 1 . OMPa. 30r 
p m©»»T©^CKS*nfc4D««^XS©«ffl«i$»(31)A k t«tfiL. H 

£j£*at2 7 ot. s^si 01 3 h Pas mmn*rt-vm 

0. 3 L/k gs X£7Ua.-lElfeiSt5 0 r p mtf^ftMClS^StlfcS C R (41)^ 
t£t$SU 1 0 !W*«fc»s #U75 K£^ttlcti:ai<*-t±fc 
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UT. [RVK [AEG] s [CEG] ^^tl^tlJI'J^Ufc. 



[Hfifcflfll 3] 

ADAtMXD OM9UUH- (17) (1 8) (Di^mt^n^tl 4 . 75kg/hr 
. 4. 4 2 k g/h r «hJ5:-5c}:5(Cs ^5>^^-^>^(15)(16)<Dai^l^— ^ 

7) (l8)©^fS^W^L--> h (l9)£ffl<,Nfc*>:?(l5) (i6)tii*oe®b»ii 
C^WJ 1 4 ] 

f§5MS#5 . 2 3 L/h r s M X DC^UT<D^3SSlt©^/M# 4 . 6 2 L 
/h r £&-5<£5lC N »ZL-y h(19)CC«fcoT^>^^-7t?>^(15)(16)© 
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x 1 7. 6 7 9 kg ©jk^An^U 0 . 2 M P a.oWMK.'Z 3 @KXSHk Lfc 
o ^O&s 0. 2 MPa©MiStJETx 1 3 5 K UflHrFfc: 7 5 y * JU/TC >W&<D 

7 5 y * ;U7t-: ?7>i/i»-/S>?T7S K<bXSW«E(SSE« 
(L/D= 7 8 0 ) ^Ufc, WttEftSKBs rta««1 3 5t (AP) #6> 
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10 (1 /s • e) s ttA/BB&ft t I* 6 . 2 x 1 0-'PaT?S^fc. 75 MbX 
SAnT©«*HfiflE [RV] tihnVO [RV] t©IARVIiO. 2 

7 5 K<bXfI£iig^Ufc5J»£s 2. 5MPa N 2 6 5 1 CCpSartlfc*DW 
m^X^Oi^M^<fl^J*Ux 3 0 r pm«T6 0#K©E:jSI=J:oT£ 

tifcs c r Lmmm^n-o t. &Mffi£it©*ii*Mi£i=<fc u x&£« an 
«ciw»*-ttfc. s critic 33 mi o »na©TO»e«FiWT?H [rv] ©to 

tt#2. 10. [RVlOlfliCHtfO. 0 2©*'J75 K»l»*»fc. 
[HSfeflJ 1 6 ] 

»M«<11)I=2 5kg©(»*«7ye>» (ADA) . »M»(13) 1=7 
tt©^^?U>^75> (HMDA) 2 0 kg«t*lfft**6Lfc. ttl^T 
s 5SH!ffi(ll)S^)Sltffl(13)*tl^tll=OUTs 4 0 hPa©X^tS5« 
JlUfc^ gi^TmtLfc, mfi&3|Bl!AU>EL&&x 0. 2MPa© 
mmEXs A D A li 1 8 0tlc N H M D A li 6 OtlcinfcU *tl**l»W«* 
ilfc. ADA*ff@E«(12)l=, HM D A*B»«(14)l=^Lfc. 

A D A> HMDA(0^nett«H 7*^ 7? (15) (16) l=T75 K<b 
XMjKEJ6«« (L/D= 7 8 0) (21)^3£a«ttftLfc. C©[^s ADAtH 

m d A©Kmasj=ou-c tt % 7^ 7-7 * -# > 7 (is) (16) ©iiai=«*f*» e> 
tifc«*MlKi7)(i8) Curtis 3i— /t;utt«ay*ysc««H-N sotoo 

3D-SS-200R) ©«*«a«*n*n«5l=^rfiii:«:«J:3(Cx ftiJ«P3.= y h (19) 
f=d;-pT7'5>y-f-^>^(15)"(16)©tti**&ftfl*Il=*!lftlLfc. 
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smmzmmzstco scRi:33it§¥^iwitti o^-c-s [rv] <dw- 
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SffiJt [RV] <tJfcP(23)T?(D [RV] i:©iARVIiO. 2 2"CSofe. 

75 Kfl:XS€SifcEJS}g^«x F*BS2 5 flffi 0 . 7 M P a N 3 0 r 
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2 . *«tt#;*/t-5;afk Kffiafk a^5Rj|ll»f|»J<DS64n»f^3Jr6 

©afMfcBJMfcLT. fl!MDloo»^«*attWi=»J»Ms !f5fc©§Efflii! 

3. *s&ttaf;*/t-5>aifc KffiafiFx &immMtim<ommft&& 
2o©afpa*H^tLr N {-a©! o©afMt©**a»wcwtpr** k N x 

tt x 3o©a<^fi©-5S©1 o©afl*©#*@J£«fcU7\ fli©2-3©affcB 

4 . *j£44#X©7k#W 0.05 BBKaTTJ&iBs sf5fc©S5Bifg 1 31 
ElBito* U7SH ©3MMH31£& 
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) 10^75>^Ifi:UT:^^*i/'JU>y75> (MXD) tt 

6 . 1 . 6 ~ 4 . 0 <DgBS<Z>fB*ffilg [R V] ©,-K'J75 h*£*#-5> ft* 

©isffl^ 1 m \zmm<D * v 7 5 h ©jiMit^o 

(b) P^S-tifcH^^S^^IC^^ICiSA-r S^liAXgi: . 

(c) «A£ft7WJ4£^£JE£Mfl£®®£i±75 FfcfcfTl^ 7 5 tMb£& 
#!4:ili^7j<«i:^^tJEf5;I^^»S75 hMkXm<t N 

(d) mizKf^m^m^<D^mm^(D-simtiM^.Kmmm:izmxL, mmiiz 

7 5 K ? UtK 'J V ~^#SOTS^-Xfi<i: N 

(e) ^ 1 J75hVl/^ , J T -«7jco^il^<z>pTtgJ5:S^5v:S:0^gIC2»A u> 
WttK [RV] iS-tifc^U75 *'J7S K£> 

8. 7 5 hMfcXS(c) iCfctt^tWJ&^fifcU fOfitlfc D (mmh 
ft<*£L(mm)i:Lfc<!:#x L/D#5 0 &±tf>=fc><Z>T?£5. »3fcc7)£gH!fl 7 JilC 
fEfic©* 'J 7 5 K©51i»ji^o 

9. 75 KfcXfl(c) (CfcttS^^Bfi^te 1 0~1 2 0#r35<5s ft 

^oiisia^ 7 miztm<Dtf y 75 Kosussiit^sfc. 

10. 75 NtXfl(c) K: j3l**-tt/uW3SH ( r ) # 0 . 1 (l/see 
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